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Description 

INTEGRATED CIRCUIT PACKAGE AND 
PRINTED CIRCUIT BOARD 
ARRANGEMENT 

Cross Reference to Related Applications 

[0001] This application claims priority on British Patent Applica- 
tion GB 0121891.6 filed September 11, 2001, and is a di- 
visional of U.S. Application Serial No. 10/065,016. 
Background of Invention 

Field of the Invention 

[0002] The present invention relates to an integrated circuit 

package and circuit board arrangement. The invention is 
applicable to, but not limited to, a contact layout arrange- 
ment for integrated circuit packaging. 
Description of the Related Art 

[0003] Most, if not all, current electrical and electronic equipment 
uses printed circuit board (PCB) technology to operably 
couple electronic components together. A typical printed 



circuit board includes a large number of metallized tracks 
to facilitate the operable coupling of components. 

[0004] such components typically have a plurality of contact 

points, such as input/output ports, power supply points, 
ground points, clock signal input/output ports, etc., to in- 
terface to other components. In recent times, the com- 
plexity of such electronic components and circuits has in- 
creased dramatically, to the point now where many elec- 
tronic components and functions are performed in single 
or multiple integrated circuit packages. 

[0005] AAn integrated circuit (IC) is a complete circuit that is 

manufactured as a single package. The IC may consist of 
several separate component parts attached by a ceramic 
substrate and interconnected by wire bonds or a suitable 
metallization pattern. The complexity of circuits being 
produced on a single chip has been increasing rapidly, 
where very large scale integration (VLSI) and extra large- 
scale integration (ELSI) having hundreds of thousands of 
logic gates on a single chip are becoming commonplace. 

[0006] Consequently, printed circuit boards have become more 

complex to design, to facilitate the increase in the number 
of tracks to link to the various component parts of the IC. 
As such, in the main, printed circuit boards have evolved 



to multi-layer arrangements, where each layer contains 
many tracks. The individual layers are operably connected 
at strategically designed points using vias, which are 
metallic connections that link two or more layers in a 
multi-layer substrate. 

[0007] | n the field of this invention it is known that integrated 
circuit (IC) packaging has evolved to the situation where 
each IC package requires a large number of different 
types of contacts, for example ground contacts, power 
supply contacts, oscillator/clock contacts, data and other 
high speed contacts etc. 

[0008] The inventor of the present invention has identified prob- 
lems encountered when attempting to route tracks to/ 
from the contacts of IC packaging. These problems are 
often caused by the particular layout of the contacts of the 
IC package. 

[0009] a first problem encountered relates to the power supply 
contacts of the IC package. As known in the art, power 
supply contacts require large de-coupling capacitors con- 
nected thereto. If a long track is provided between the ca- 
pacitor and its corresponding power supply contact, the 
track acts as a resistor. The combination of the capaci- 
tance with the induced resistance effectively creates a fil- 



tering effect on the power supply signal input to the 
power supply contact on the IC package. The longer a 
track to the contact point, the greater is the resistance in- 
duced by the track. In this manner, by having a resistance 
between the capacitor and the power supply contact, the 
ability for current to flow between the resistor and the 
power supply contact is reduced. Hence, it is important to 
provide the shortest amount of track between the capaci- 
tor and the power supply contact. 

[0010] Furthermore, because of the potentially high amount of 
current that can flow through power supply contacts and 
tracks, the tracks need to be relatively wide. Therefore, it 
is also preferable to keep the tracks as short as possible 
in order to reduce costs and reduce the amount of area on 
the PCB taken up by such power supply tracks. 

[0011] a second problem encountered relates to ground connec- 
tions of IC packages. The problem recognized by the in- 
ventor of the present invention relates to the connecting 
of ground points, contacts and/or layers of an IC package 
using the aforementioned vias (sometimes termed 
through-holes), which pass through several layers of a 
PCB. For electronic devices such as mobile phones, the 
ground layer is often extended to substantially the entire 



length and width of the PCB, and designed to act as a 
shield between radio frequency (RF) circuitry and base- 
band circuitry. Because of this, baseband circuitry is often 
arranged to be on the opposite side of the ground-plane 
(or layer) to the RF circuits/components. Thus, such vias 
often provide obstructions when trying to route tracks 
around the PCB. 

[0012] a third problem encountered arises from the need to con- 
nect timing or frequency contacts to oscillator or clock 
generation circuits, which are used by the IC to provide 
clock signals etc. These contacts are required to be con- 
nected to oscillators, such as quartz, and decoupling ca- 
pacitors. If tracks used to connect to such components are 
again too long, parasitic capacitance and induced resis- 
tance become significant enough to affect the oscillating 
signal frequency, and thereby the resulting clock signal(s). 

[0013] a need therefore exists for an improved integrated circuit 
and printed circuit board arrangement, and, in particular, 
an improved contact layout configuration for an inte- 
grated circuit, wherein the abovementioned disadvantages 

may be alleviated. 
Summary of Invention 

[0014] | n accordance with the invention, an arrangement of a 



plurality of contact points is provided in an integrated cir- 
cuit package device or a printed circuit board. The plural- 
ity of contact points includes an inner portion of the con- 
tact points and an outer portion of the contact points, and 
at least one of the following: 

[0015] (j) a majority of power supply contacts is configured sub- 
stantially in an extremity of the outer portion; 

[0016] (jj) a majority of timing or frequency contacts is config- 
ured substantially in the outer portion; and 

[0017] (jjj) a majority of data or high speed signal contacts is 

configured substantially in an inner side of the outer por- 
tion. 

[0018] | n one aspect of the invention, the arrangement is pro- 
vided in an integrated circuit package device. In another 
aspect of the invention, the arrangement is provided in a 
printed circuit board having a plurality of tracks for oper- 
ably coupling electrical signals to the plurality of contact 
points. 

[0019] Preferably, ground contacts are further provided along a 
bisectional axis through the outer portion to facilitate a 
ground path from outside an area of either the integrated 
circuit package device or the PCB to the inner portion. The 
inner portion can be formed substantially of ground con- 



tact points to effect a ground plane. Also, the inner por- 
tion and the outer portion are preferably two distinct re- 
gions separated by a space. 

[0020] For the printed circuit board, ground contacts can be fur- 
ther provided along a bisectional axis, through the outer 
portion to facilitate a ground path from outside an area of 
an integrated circuit package device to the inner portion. 
At least one ground contact is configured substantially in 
the inner portion. The inner portion is preferably formed 
substantially of ground contact points to effect a ground 
plane. Here, for one or more of the signals associated with 
the arrangements, all of the respective contacts of the in- 
tegrated circuit package device are configured in the re- 
spective manner described in those arrangements. The in- 
ner portion and the outer portion can be two distinct re- 
gions separated by a space. 

[0021] | n a further aspect of the invention, there is provided an 
electrical or electronic device comprising the integrated 
circuit package device or the printed circuit board de- 
scribed above. 
Brief Description of Drawings 

[0022] Exemplary embodiments of the present invention will now 
be described, with reference to the accompanying draw- 



ings that illustrate preferred contact layouts for integrated 
circuit packages etc., in which: 

[0023] FIG. 1 shows an IC package contact layout illustrating a 

positioning of power supply contacts and clock generation 
contacts, in accordance with the preferred embodiment of 
the present invention; 

[0024] FIG. 2 shows an IC package contact layout illustrating po- 
sitioning of ground contacts, in accordance with the pre- 
ferred embodiment of the present invention; and 

[0025] FIG. 3 shows an IC package contact layout illustrating po- 
sitioning of contacts for data signals and other high speed 
signals, in accordance with the preferred embodiment of 

the present invention. 
Detailed Description 

[0026] Referring first to FIG. 1, an IC package contact layout 100, 
illustrating a preferred positioning of power supply con- 
tacts 130 and clock generation contacts 140, is shown. 
The IC package layout of the preferred embodiment of the 
present invention includes an inner portion of contacts 
120 and an outer portion of contacts 110. 

[0027] The power supply contacts 130 are shown on the extrem- 
ities of the outer portion of the IC package, illustrated as 
solid black circles. By selecting the extremities of the 



outer portion of an IC package as power supply contacts; 
shorter track paths from the power supply of the elec- 
tronic device to the power supply contact point(s) of the IC 
package are achieved. 

[0028] | n addition, if required, clock generation contacts 140 are 
shown on the extremities of the outer portion of the IC 
package, illustrated as hashed circles. Similarly, this en- 
ables shorter track paths from the clock generation com- 
ponents) of the electronic device to the clock/timing con- 
tact point(s) of the IC package. 

[0029] This topography allows the power supply contact(s) to be 
located as close as possible to its/their associated de- 
coupling capacitor(s), thereby minimizing the track resis- 
tance introduced to the circuit. Beneficially, the area on 
the PCB taken up by the tracks to the power supply con- 
tacts) is also minimized. 

[0030] Furthermore, this topography allows the required clock 
generation components to be as close to the relevant 
clock/timing contact point(s) as possible. Hence, unde- 
sired parasitic capacitance and resistance due to the 
length of track(s) between the clock or frequency genera- 
tor components and the clock/timing contact point(s) are 
minimized to avoid affecting the timing signal(s). In addi- 



tion, it enables the required clock signal tracks to be de- 
signed on the uppermost layer of the printed circuit 
board, thereby minimizing any effect of interference from 
say RF circuits and components. 

[0031] Referring now to FIG. 2, an IC package contact layout 200 
illustrates a positioning of ground contacts in accordance 
with the preferred embodiment of the present invention. 

[0032] Again, the IC package layout of the preferred embodiment 
of the present invention includes an inner portion of con- 
tacts 120 and an outer portion of contacts 110. The pre- 
ferred positioning of the ground contacts are illustrated as 
solid black circles 220 on the inner portion of the IC 
package layout 200. 

[0033] Hence, the preferred embodiment of the present invention 
provides the ground contacts of the integrated circuit 
package substantially towards the center of the integrated 
circuit package. In this manner, the need for other con- 
tacts of the integrated circuit package to have to be 
routed around the ground contacts and their related vias 
is minimized. This topography is of significant benefit in 
the circuit layout design of baseband circuitry, which, with 
the above ground contacts, can now be more readily posi- 
tioned distal from the RF circuitry. 



[0034] However, the inventor of the present invention has recog- 
nized a potential problem with such a ground contact lay- 
out. It may be possible that a particular topography would 
generate a floating ground layer, whereby the region of 
the ground layer, to which the ground contacts are con- 
nected, becomes substantially isolated from the rest of 
the ground layer. Such a problem may emanate by vias 
being cut into the ground layer in a ring or loop fashion. 
The area of the ground plane within this ring or loop is 
then effectively isolated from the area outside the ring or 
loop, except for any thin path between the vias. The small 
width associated with such a thin path would act like a re- 
sistor between the inside and outside areas of the ring or 
loop. Hence, if the inside of the loop is used to ground 
further connections, these further connections are not 
truly grounded. 

[0035] | n order to overcome such a potential problem, ground 

contacts 210 may also be provided along bisectional axis, 
through the outer portion of contacts, as illustrated in FIG. 
2. These ground contacts on the outer portion 210 pro- 
vide paths from the center of the integrated circuit pack- 
age to the exterior of the integrated circuit package, and 
overcome the potential problem of a floating ground 



layer. 

[0036] it is within the contemplation of the invention that further 
inner portion ground contact points can be used to fur- 
ther cement the ground plane and avoid any potential 
floating ground plane problem. The further inner portion 
ground contact points 230 are shown as hashed centers, 
as illustrated. 

[0037] Referring now to FIG. 3, an IC package contact layout 300 
illustrates positioning of contacts for data signals and 
other high-speed signals 310, in accordance with the pre- 
ferred embodiment of the present invention. The pre- 
ferred positioning of such contacts is illustrated as solid 
black circles on the outer portion of the IC package layout 
300. 

[0038] Again, the IC package layout of the preferred embodiment 
of the present invention includes an inner portion of con- 
tacts 120 and an outer portion of contacts 110. By posi- 
tioning data and high speed signal contacts on the inner 
side of the outer portion, track design for the data signals 
and other high speed signals contacts 310 can readily 
make use of lower PCB layers, namely between the upper- 
most layer on which the integrated circuit package is 
mounted and any ground (typically the lowest) layer, if 



applicable. In this manner, data and high-speed signals 
can be easily routed away from the integrated circuit 
package 300. 

[0039] clearly, the IC designer and the printed circuit layout de- 
signer would benefit from implementing the inventive 
concepts described in respect of any one (or more) of the 
aforementioned contact configurations. The combination 
of all of the configurations is, however, particularly ad- 
vantageous in addressing the various circuit layout/IC 
contact problems mentioned earlier. 

[0040] | n particular, a further advantage in incorporating a num- 
ber of the configurations is that the layout of the contacts 
significantly reduces obstructions to track routing on the 
PCB. Such obstructions are generally caused by the rela- 
tively thick ground vias and power tracks. Hence, routing 
of the tracks for the data and high speed signal contacts, 
when using the power supply and/or ground contact con- 
figurations is made easier. This enables the circuit/PCB 
layout designer to generally use fewer PCB layers. This of 
course reduces the cost of the PCB significantly. 

[0041] Also, the inventor of the present invention envisages that, 
in certain circumstances, the benefit resulting from imple- 
menting the present invention may apply when imple- 



meriting only one contact in one or more configurations. 
However, it would be expected that the benefits of imple- 
menting the invention are greater when a majority of re- 
spective contacts in one or more configurations are used 
in the described manner. 

[0042] | t j S envisaged that the present invention may be imple- 
mented in any type of integrated circuit package compris- 
ing an array of contacts, for example wire bonding or flip- 
chip type packaging. The contacts themselves may be in 
the form of pins, as used in pin grid array packaging, or 
balls, as used in ball grid array packaging. 

[0043] it is within the contemplation of the invention that the 
number and general pattern of the contacts provided on 
the IC packaging may vary substantially from IC to IC, and 
the illustrated embodiments in Fig's 1-3 are shown for 
explanatory purposes only. Furthermore, although the 
preferred embodiment of the invention relates to two dis- 
tinct regions of contacts, an inner region and an outer re- 
gion, it is envisaged that a skilled artisan could employ 
the inventive concepts herein described in many other to- 
pographies. For example, there may be no need (or space) 
to introduce two "distinct" regions separated by a gap, 
and the two regions may coincide or even overlap. Alter- 



natively, three or more distinct regions may be prevalent. 
However, it is envisaged that the general theories behind 
the aforementioned inventive concepts can be applied to 
any IC package configuration. 

[0044] such topographies are dependent upon the shape and 
configuration of the IC to be incorporated onto the PCB 
and may, for example, comprise concentric circles, a sub- 
stantially circular IC package layout, a substantially rect- 
angular IC package layout, etc. 

[0045] Although the inventive concept of the present invention 
has been described with respect to an IC package having 
many contact points, it is envisaged that the inventive 
concepts can be equally applied to other devices or com- 
ponents with a plurality of contact points, such as Pro- 
grammable Gate Logic Arrays (PCLAs), Application Specific 
ICs (ASICs), etc. As such, it is envisaged that any electrical 
or electronic device comprising an integrated circuit pack- 
age device would benefit from the inventive concepts de- 
scribed herein. 

[0046] it w i|| be understood that the various contact layout em- 
bodiments described above provide at least some of the 
following advantages: 

[0047] (j) | n arranging the power supply contacts in the extremity 



of the outer portion of contacts, the required de-coupling 
capacitors can be located as close to the power supply 
contacts as possible, thereby keeping the track length to a 
minimum. 

[0048] (jj) By providing the ground contacts toward the center of 
the IC package, avoids the need for the other contacts to 
be routed around the ground contacts and their related 
vias. 

[0049] (jjj) provision of the timing and/or frequency contacts on 
the extremity of the outer portion, together with the 
power supply contacts, allows the required clock genera- 
tion components etc. to be positioned as close to the re- 
spective contacts as possible, whilst enabling all required 
tracking to be arranged on the uppermost layer(s). 

[0050] (j v ) provision of the data and/or high speed signal con- 
tacts on the internal side of the outer portion, allows eas- 
ier access to these ports, particularly when in conjunction 
with implementing the arrangements in (i)-(iii). 

[0051] whilst the specific and preferred implementations of the 
embodiments of the present invention are described 
above, it is clear that one skilled in the art could readily 
apply variations and modifications of such inventive con- 
cepts. 



[0052] Thus, an improved integrated circuit and printed circuit 

board arrangement has been described wherein the afore- 
mentioned disadvantages associated with prior art ar- 
rangements have been substantially alleviated. 



